Opened by F. G. HOPKINS, F.R.S. THE whole trend of modern pathology has made our minds illprepared to believe in an extraneous deficiency as the prime cause of a specific disease. We recognize perforce inherent deficiencies in the body of structure or material, but even these, when they are not anatomical and obvious, we tend to look upon as for the most part only predisposing or contributory; the essential and immediate cause of any disease we rather seek in the intrusion of some positive factor, some res noxita, be it parasite or poison. So completely is this course justified in general that there is doubtless an excuse for the present tendency to seek for such an intruder in cases where there would seem to be little reason to expect its presence, as in certain diseases of nutrition.
When disease is ascribed to diet the implication is nearly always that the food is infected or poisonous, or at any rate that some constituent is in such excess as to be deleterious. Some malific factor of a positive kind is usually thought to be essential. Even the pioneer in the work upon beriberi, although his labours had given him the essential facts, did not escape the effect of what seems a bias. Eykman proved that the symptoms of beriberi followed upon the eating of polished rice, and showed that the addition of the missing pericarp was curative; but he was constrained to hold, not the simple and apparently obvious view that the pericarp contained something necessary for normal metabolism, but that toxins developed in the endosperm, and that a constituent of the pericarp was able to neutralize them.
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It is rather remarkable that neither physiologist nor pathologist rendered ready belief to the suggestion that among the dietetic needs of the animal might be organic substances, small in amount and easily overlooked by the chemist. The suggestion had been in the literature of nutrition experiments for many years, but it was neglected. Yet since the animal has always been adjusted to live, directly or indirectly, upon plant tissues, which contain countless substances other than proteins, carbohydrates and fats, there was no a priori reason to doubt that physiological evolution might have made some of these substances essential. Yet had the fact been definitely established in the nutrition laboratory, it might have seemed wholly of academic interest. It might well have been doubted that any important deficiency in such substances could occur in practical dietaries. It required such facts as those which have come to light in connexion with beriberi to establish a wide and practical interest in the matter. The case of beriberi is indeed a very remarkable one. The wide consumption by whole races of a one-sided dietary, the localization of a specific substance in a grain, an artificial treatment of that grain exactly adjusted to remove the substance, and the occurrence of prominent symptoms as a result of its removal, all these coincidences were necessary to yield so striking a proof that a disease may arise from a dietetic deficiency. Without them it is unlikely that we should have been engaged in this discussion.
Many of us believe that the establishment of this plain case may lead us to discover many others less obvious, and that a new chapter in the subject of animal nutrition is now opening. It is only to be hoped that those who help to write the new chapter will display due caution. The whole literature concerning the relations of food to health and disease is so flooded with baseless theories-with fads and fancies-that it is well to see that no new channel shall be opened to them. I take it that to obtain satisfactory evidence that a specific diet deficiency is directly responsible for a given complex of symptoms it must be shown that the association between the suspected diet and the symptoms is sufficiently frequent, and the occurrence of the symptoms upon normal diet sufficiently rare, to satisfy the statistician; while to obtain rigid proof we must discover what the deficiency really is, and prove that removing it results in prevention or cure of the symptoms.
In defining our criteria I think it is justifiable to insist upon the fact that the disease need not be wholly absent from individuals using normal diets, but only sufficiently rare. What is absent from a faulty dietary may be the necessary raw material for some particular metabolic process, or some hormone which initiates the process. In such a case all individuals consuming the dietary must sooner or later suffer from whatever is involved in the failure of that process. But it is clear -that in an occasional individual assimilation may be faulty; the apparatus in which the process occurs may develop faults, or other factors necessary to its continuance may fail. The final result will, then, resemble that due to the absence of the raw mNaterial. Our criterion must be this: that the -disease is absent from, or rare in, individuals taking a normal dietary, but common among those who are rigidly confined to the diet under suspicion. When individuals escape, the evidence that they have added nothing of significance to their diet is difficult to obtain, for all that we know at present about the subject suggests that very small additions may make all the difference to the results. But any considerable degree of individual immunity would be evidence that the cetiology of the disease involves some positive factor and not a deficiency alone. In the case of beriberi and in that of scurvv we have evidence which very nearly, if not entirely, satisfies such criteria. There is scarcely any doubt that they are diseases due to deficiencies of diet, and to those alone. The same cannot perhaps be said of any other specific disease.
It is clear that in opening this discussion I can deal only very briefly with individual instances. Concerning beriberi, I would like first to say that, after reading all the descriptions I could find of cases -which are supposed to have occurred under normal dietetic conditions, I feel-without pretending to be an expert in matters of diagnosisthat the evidence they offer against the modern view is unimportant. It is to be hoped that the question of its cogency will be discussed. The present position of the beriberi question is of particular interest because, owing to the brilliant work of Casimir Funk, we have considerable knowledge concerning the nature of the substance the deficiency of which is responsible for the disease. We have not final knowledge, as Dr. Funk will probably be the first to admit. I will venture to say that I myself am more impressed with the objective proof he has given us that the phenomena before us depend upon tangible substances, than by the evidence he offers for the actual constitution of what he has so appropriately termed vitamines.
In the case of scurvy the probability that a diet deficiency is an essential a3tiological factor has, of course, long been forced upon the N 21a attention. The remarkable thing is that the probable deficiency should have been so long discussed in terms of known substances. It was so easy to prove that none of those suggested-potassium salts, citric acid, and the like-had anything to do with the matter; and it was always clear that a substance so easily lost from normal foodstuffs had to be looked for amid the unknown. The work of Holst and his colleagues upon experimental scurvy, though it has not told us what antescorbutic substances muay be, has, thrown much light upon their essential properties. Anyone who lacks conviction can easily learn how great may be the effect of small deficiencies in diet by repeating the observations of Holst and Fr6hlich under rigid experimental conditions.
When we consider in particular acute infantile scurvy, we find what seems to be the clearest evidence for the influence of a deficiency produced by the artificial treatment of milk, combined with much conflict of evidence as to the degree and kind of treatment which is capable of inducing the deficiency. This is a well-worn question, but there is some justification for saying a word or two about it. In discussing it I must refer again to the work of Holst and Frahlich. It should be noted first of all that the symptoms and post-mortem appearances exhibited by animals such as guinea-pigs after some weeks of a grain dietary are most strikingly similar, even in their details, to those found in Barlow's disease. Any one who has troubled to repeat the observations will hardly doubt that the aetiology of the two conditions must be essentially the same. The main symptom&s may develop in guinea-pigs in advance of any loss of weight, while, when similar animals are fed upon fresh vegetables, the symptoms remain absent, even if the diet be insufficient and weight is rapidly lost. The condition is clearly no result of general malnutrition. After it is established, giving fresh vegetables or vegetable juices gradually removes the symptoms, but if heated, dried, or long kept, such materials lose their curative power. What is especially interestingin connexion with the point I am dealing with is the fact that in different foodstuffs the antiscorbutic substance exhibits varying degrees of stability, which may suggest either that it is not always the same or that varying conditions affect its stability. Fresh milk was shown by Fr6hlich to have a definite antiscorbutic influence in guinea-pigs. Milk, in fact, contains both a substance, inhibiting the induction of beriberi symptoms and another which is antiscorbutic. They are not the same, as Funk has pointed out, since their stability towards heat is markedly different. Now it would seem from the results seen in experimental scurvy that the temperature at which the antiscorbutic substances in milk are destroyed can be sharply defined, for Frohlich found that after heating to 700 F., the milk used by him retained its preventive power, whereas ten minutes' exposure at 980 F. completely removed it. It -is remarkable, therefore, that there should be such uncertainty concerning the effect of milk sterilization in the case of infantile scurvy. One point is obvious: when data are collected clinically, uncertainty as to the precise dietetic history of individual cases must always be considerable, and it is certain that even the occasional consumption of antiscorbutic substances in small amounts makes a great difference in the result. But we may perhaps find, as Funk suggests, a more inmportant factor of uncertainty in the varying qualities of the mnilk supply itself. There are a great number of circumstances which induce variations in the ordinary known constituents of milk, and Funk has produced evidence to show that the vitamine related to beriberi may vary in amount. It occurs to one that such a special substance as an antiscorbutic might well tend to fail towards the end of a long lactation. Mixed milk supplies nmust vary much in the proportion they contain of early lactation and late lactation products, as well as varying in other ways. It is not at all impossible that one type of milk may, for one reason or another, withstand, in respect of its antiscorbutic power, more severe treatment than another.
I have dwelt a little upon this familiar subject for two reasons: First, because it illustrates certain difficulties inherent in the study of deficiency diseases; and secondly, because it seems to me that recently acquired facts suggest that, in spite of all that has been done, there is yet room for further investigations concerning the relation between milk sterilization and infantile scurvy; investigations which must be be made under conditions more carefully standardized than before. The same may be said with regard to rickets. Even those who are convinced that rickets takes origin from a dietetic deficiency have to admit that it is difficult to find a common factor among the dietaries held to be responsible for the condition. But now that we know how small in amount and how unstable in character certain essentials of food may be our inquiries into the dietetic history of patients should become more detailed than before, and carried out, perhaps, with more faith in their bearings. I should like to touch next upon pellagra, but time permits only the briefest reference. It once seemed probable that this disease might prove to be due to a diet deficiency quite different in nature from those we have hitherto considered. Maize is deficient in the aromatic aminoacid tryptophane, and a certain minimum supply of tryptophane is undoubtedly necessary to life. It would have been interesting to learn that a specific disease might arise from lack of an amino-acid, and, long ago, having shared in the discovery of tryptophane, I took a special interest in the aetiology of pellagra, and performed a good many inconclusive, and therefore unpublished, feeding experiments. Dr. Sandwith has lately referred again to the possibility of this deficiency playing it& part. But the recent demonstration, so largely due to Dr. Sambonr that pellagra occurs with some frequency in this country, and in individuals who have certainly not relied upon Indian corn as a basal diet, seems to put the suggestion out of court; as well as the view,. much more widely held, that the disease is due to infected maize. If Dr. Sambon is right as to its probable frequency in this country the remark I made earlier with regard to the possibility of deficiency diseases somiietimes occurring upon a normal diet can have no bearing here, and we shall have to admit that pellagra is not related to diet.
I propose to close with a brief reference to experiments of my own which relate to the effect of diet deficiencies upon growth. They have no very real relation to the present discussion, and I have already on more than one occasion made their results public. But I quote them now because they offer conclusive proof that the removal of substances, minute in amount and of unknown nature, can produce an extraordinarily mnarked effect upon the physiological properties of a dietary. Upon a diet consisting of purified materials (one essential in the process of purification being thorough extraction with alcohol) young rats absolutely cease to grow, even when their consumption of food is quantitatively normal. On the other hand, if what is removed by alcohol be returned, or if very minute amounts of milk or fresh tissue extracts be added, the animals grow quite normally on the sanme basal dietary. I quote the results with special confidence now, because during a prolonged endeavour to discover the nature of the substances concerned, an endeavour which has continued until now, I have accumulated a great amount of experimental material. On the properly prepared diet not one rat out of many scores has ever continued to grow for more than a few days. Rats are so little prone to scurvy or to anything resembling the symptoms of beriberi that they T serve especially well to demonstrate this growth-failure in a pure form.
Being in possession of a diet which, while supporting the animal for considerable periods, does not permit of growth, one was naturally tempted to try its effect upon the rate of development of cancer.
Owing to the kindness of Dr. Bashford in supplying me with material, I was first able some eighteen months ago to make observations upon a strain of Jensen's rat sarcoma. All the rats to be used for the experiment were injected at the same time with a standard dose of tumnour, and fed for a few days upon a normal diet. They were then divided without any selection into two groups. One group was fed upon bread and milk, the other upon the purified artificial dietary. Otherwise the conditions were precisely the same. At a given period all the animnals were simultaneously killed, and their tumours dissected and weighed. Thirty-two rats fed upon bread and milk showed an average tumour weight of 14'5 grm.; twenty-eight rats fed upon the artificial dietary gave an average weight of 3 9 grm. In the absence from diet of the substances which promote the growth of normal tissue, the sarcoma grew at only one-fourth of its normal rate. Such a result has perhaps no more than an academic inmportance, but it shows that a neoplasm, like a normal tissue, requires for its growth certain at present unknown substances, which it acquires less readily from the tissues than from the food supply of its host.
Dr. ROBERT HUTCHISON: Diets may be defective either in quantity or in quality. Professor Hopkins dealt chiefly with the latter kind of defect, I wish to say something first of all about the former, as it is important that the discussion should be kept as wide as possible.
In the first place, a diet may be deficient in energy content (calories). Such diets are by no means uncommon, especially amongst the poor. It will be admitted that they induce chronic ill-health with impaired resistance to disease, especially perhaps to tuberculosis. Thus I have known at least two instances in which acute pulmonary tuberculosis supervened in patients who were much reduced by anorexia nervosa. Neurasthenia, also, is a commnon result of such a diet.
In the second place, the diet may be deficient in repair material (protein). In view of Chittenden's experinments it can hardly be maintained that this form of defect is as common as was once believed, but it is still open to question whether an habitually low intake of protein does not render the individual less resistant. The comparative
